Electronic transport through a single-molecule magnet Mn 12 in a two-terminal set up is calculated using the non-equilibrium Green's function method in conjunction with density-functional theory.
Electronic transport through single-molecule magnets (SMMs) has recently been measured in three-terminal setups or using scanning tunneling microscope (STM).
1,2,3,4 Both of the experimental techniques face their own challenges in transport measurements, so do theoretical and computational studies of the systems. So far, there were no experimental or theoretical inputs on the interfaces between SMMs and electrodes. It is also extremely difficult to control these interfaces. SMMs can be differentiated from organic molecules in the sense that they have large magnetic moments and large magnetic anisotropy barriers caused by spin-orbit coupling. In addition, SMMs differ from magnetic clusters comprising magnetic elements only because the magnetic ions in SMMs are interacting with each other via organic/inorganic ligands. It was shown that the magnetic properties of SMMs change significantly with the number of extra electrons added to the molecules, 5, 6 which may greatly impact their transport properties. Several theoretical studies 7, 8, 9 on the transport through SMMs, have been, so far, based on many-body model Hamiltonians considering an important role of strong correlations in SMMs. However, in these model Hamiltonian studies, effects of interfaces and molecular geometries that also play a crucial role in transport
were not properly included. In this sense, first-principles calculations could complement the existing many-body Hamiltonian studies. In this work, we present first-principles calculations of transport properties through a The bulk electrodes are treated semi-infinite and their electronic structures are computed using SIESTA. A current is expressed as
where
are the Fermi functions for the left and right electrodes with chemical potentials µ L and µ R , respectively. T (E, V ) can be cast as
where Γ L,R is the density of states of the left or right electrode and G M is the Green's function of the EM. Within the non-equilibrium Green's function method, G M is solved self-consistently in the context of the DFT. system of interest.
To construct the bulk leads, we use an optimum bulk lattice constant of 4.166Å, resulting in a vertical distance between adjacent layers of 2.405Å. The electronic structure and self-energies of Au(111) electrodes are computed using SIESTA. For the EM we consider a geometry in which a Mn 12 molecule is oriented such that its magnetic easy axis is normal to the transport direction (z axis) and in which six Au layers are included on each side of the Mn 12 molecule (Fig. 1 ). This geometry completely covers a Mn 12 molecule and prevents different Mn 12 molecules from interacting with each other. Mn 12 molecules are not directly chemically bonded to Au, and so thiol groups and alkane chains are used to attach Mn 12 to Au (Fig. 1) . In the EM, 3 × 3 × 1 k points are sampled. The periodic boundary conditions are imposed on the EM along all directions to self-consistently solve for the Green's function of the EM.
The computed spin-polarized transmission coefficient in zero bias is shown as a function of energy relative to the Fermi level E f in Fig. 2 . The peaks in the transmission coefficient are very narrow due to weak coupling between the electrodes and Mn 12 , as discussed in our previous DFT calculation. 19 Thus, one can identify a one-to-one mapping between individual transmission peaks and molecular orbitals. The transmission coefficient from minority-spin electrons is zero in the energy region shown in Fig. 2 . The first minority-spin transmission peak appears at 0.71 eV above E f . So contributions to the transmission near E f are from majority-spin electrons only. This is because only majority-spin molecular orbitals are near (2) Mn (3), Mn (4) Mn (5), Mn (9) Mn (6), Mn (10) Mn (7), Mn (11) Mn (8) (Fig. 3) . By comparing Fig. 3 to Fig. 2 , we find that the four transmission peaks between E=0 and 0.1 eV are from the majority-spin lowest-unoccupied-molecular-orbital (LUMO) and the three levels right above the LUMO (LUMO+n, n=1,2,3), while the four peaks between E=-0.4 and -0.3 eV are from the majority-spin highest-occupied-molecular-orbital (HOMO) and the three levels right below the HOMO (HOMO-n, n=1,2,3). The HOMO is mainly from Mn(8) and Mn(12) and the HOMO-1 and HOMO-3 are from Mn (6) and Mn (10) . The LUMO and LUMO+1 are from Mn(5) and Mn(9) and the LUMO+2 and LUMO+3 are from Mn (7) In summary, we have investigated transport properties through a Mn 12 molecule bridged between Au(111) electrodes using the non-equilibrium Green's function method and spinpolarized DFT. We found that a spin-filtering effect occurs in the transmission for nonferromagnetic electrodes. In addition, not all of the molecular orbitals near E f involved with the resonant tunneling, equally contribute to the current. K.P. was supported by the Jeffress Memorial Trust Funds and NSF DMR-0804665. J.F.
